Introduction
The spintronics has brought technological breakthroughs into the fields of hard disk technology and magnetic random access memory (MRAM). However, the unique properties of the spin have not yet been explored in fields of optical devices and high-speed optical communication. By combining the spin and the light, both the high-speed switching and non-volatile recoding can be achieved. This makes the spin-photon devices attractive for new designs of a non-volatile high-speed optical memory.
Any high-speed memory consists of two essential parts: a high-speed demultiplexer and a storing media. The high-speed demultiplexer redistributes a train of data pulses into individual memory cells ensuring that only one pulse is memorized per each memory cell. The memory cell is storing the data. The recording speed of the memory is limited only by the speed of the demultiplexer. The fastest operation speed and non-volatile date storage are the most desirable features of the memory. Using the spin excited by the light, both the high-speed optical demultiplexing and the non-volatile data storage can be achieved in a single device. Figure 1 shows the design of the proposed spin-photon memory [1] . It consists of a semiconductor waveguide p-i-n photo detector with a nanocontact made of a ferromagnetic metal (nanomagnet). The nanomagnet has two magnetization directions. The data is stored as a magnetization direction in the nanomagnet. For the data recording a short pulse of the circularly-polarized light excites spin-polarized electrons in the p-i-n junction, which under applied voltage are injected into the nanomagnet. The spin transfer torque is a consequence of the transfer of spin angular momentum from a spin-polarized current to the magnetic moment of the nanomagnet. If the torque is sufficient, the magnetization turns and the data is memorized. For optical readout, magneto-optical effect can be utilized [2] . The spin-polarized electrons can be created only by the circular polarized optical pulse because the linear polarized light excites equal amount of electrons of both up and down spins, the net spin polarization is zero and no magnetic torque occurs. Figure 2 shows the integration of two memory cells and explains the principle of high speed recording. There are two waveguide inputs. One input is for data pulses and one input is for the clock pulse. The clock pulse is used to select for recording a single pulse from sequence of the data pulses. Polarization of data pulses and clock pulse are linear and mutually orthogonal. Optical paths were split so that each memory cell illuminated by the data pulses and the clock pulse. The lengths of waveguides are adjusted so that the phase difference between clock and data pulses is π/2 at each memory cell. At the first memory cell the clock pulse came at the same time with first data pulse. Therefore, these two pulses combined into one circularly polarized pulse. Since only the first combined pulse is circularly polarized, only this pulse excites spin polarized electrons, changes magnetization and is memorized. All other data pulses are linearly polarized, they do not excite spin polarized electrons and they have no effect on the magnetization. For the second memory cell, the clock pulse is slightly delayed relatively to the data pulses and it comes together with second data pulse. Only the second pulse is circularly polarized and can be memorized by the second memory cell. Therefore, each data pulse can be memorized by an individual memory cell. The closer the pulses can be placed relative to each other, the more data can be transformed through one line and the faster recording speed can be achieved. The minimum interval between pulses, at which a pulse can be recorded without any influence of the nearest pulse, determines the recording speed of the memory.
Proposed design

High-speed spin-polarization switching
Since in proposed memory the data are recorded by the spin, in order to verify operational speed of the memory, the speed of spin-polarization switching was studied. The spin-polarized electrons were excited in GaAs (T=80 K) by a combined beam of two data pulses and a clock pulse (λ=820 nm τ pulse =160 fs). The interval between the data pulses was 165 λ (~450 fs) and between a data pulse and the clock pulse was (n+1/4)λ, where n is an integer. The polarization of the data pulses and the clock pulse was linear and mutually orthogonal, so the polarization of the combined beam was circular. Figure 4 shows spin polarization of the excited electrons as a function of delay between clock and data pulses. The maximum of spin polarization was observed when the clock pulse coincides with first data pulse. The spin polarization decreases when the clock pulse is delayed out of the first data pulse, and again increases as the clock pulse coincides with the second data pulse. Fig.4 clearly shows that the spin polarization excited by the second data pulse can be separately distinguishable from the spin polarization excited by the first data pulse. This means that from two closely placed optical data pulses, only one pulse can trigger the recording without influence of another pulse. The interval between the data pulses is 450 fs. It corresponds to the recording speed of 2.2 TBit/sec 4. Low-resistance nanocontact For the successful operation of the memory it is essential to inject photo-excited electrons form the detector into the nanomagnet within short time interval less than 100 ps. The spin life time in the semiconductor is short. For GaAs it does not exceed 100 picoseconds at room temperature [3] . In the case of the injection time longer than the spin life time, the spin information is lost inside the semiconductor before it is injected into the nanomagnet. Also, for the same energy of the optical pulse, the amplitude of the injected current becomes lower for the longer injection time. Since the magnetization reversal has a threshold in respect of the amplitude of the injected current, the long injection time significantly limits possibility of the magnetization reversal by the light. The injection time shorter than 100 picoseconds is essential to achieve magnetization reversal by the light with respects to both the electron spin life time and the amplitude of injected current. It is only possible to reverse the magnetization of a nanomagnet by spin-polarized current, when the size of the nanomagnet is smaller than 4 nm x 100 nm x 100 nm. Because of very small size of the nanomagnet, the contact resistance between the nanomagnet and the semiconductor is high, even if resistance-area product (RA) is relatively low. The response time of a p-i-n detector with a nano contact is limited by decay constant τ= C pn R con , where C pn is the capacitance of the p-i-n junction and R con is the contact resistance between the nanocontact and the semiconductor. To achieve the required short injection time, nanocontact resistance should be sufficiently reduced. The low resistance between n-GaAs and Fe can be achieved by inserting heavily-doped layer at the interface. Three identical samples with only different material of insertion layer were studied. The insertion layer was: a 30 nm of nn-GaAs in which the Si doping concentration is just near to the solubility limit (n=2 10 19 cm -3 ) (Sample 1); a 10 nm of δ-doped GaAs in which the Si doping concentration is over the solubility limit (n=2 10 20 cm -3 ) (Sample 2); a 150 nm n-InGaAs graded layer followed by a 10 nm nn-InAs layer (Sample 3). The measured RA was 7000, 250 and 30 Ohm µm 2 for the Samples 1, 2 and 3, respectively. The time response of the p-i-n photo detectors was measured by sampling oscilloscope on a 50-Ohm load resistor connected between the nanomagnet and metallic contact to p-GaAs layer of the detector. The photocurrent was excited by 170-fs 10-pJ pulses at λ=860 nm. Figure 2 shows the time evolution of photo-excited current. The injection time was 3 ns, 350 ps and 75 ps for the samples 1, 2 and 3, respectively. For the sample 3, the injection time is shorter than in spin life time in GaAs. Also, in the case of the Sample 3, the peak amplitude of injected current was significantly larger than in cases of Samples 1 and 2.
Conclusions
High-speed non-volatile optical memory was proposed. It was proved that the recording speed of the memory can reach 2.2 TBit/sec. The low-resistivity contact between Fe nanomagnet and n-GaAs was successfully fabricated. The photo excited electrons from GaAs p-i-n photoidode were injected into Fe nanomagnet within a time interval of 75 ps, which is shorter than the spin life time in GaAs. 
